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FIG. 4 ¢

DETERMINING A GEOGRAPHIC LOCATION OF A ;
PORTABLE MULTI-PURPOSE WIRELESR DEVICE Y
CAPABLE OF TWO OR MORE DIFFERENT STATES OF |
SMALL CELL ACTIVITY

| CONTROLLING A CURRENT ONE OF THE TWO OR MORE |
| DIFFERENT STATES OF THE SMALL CELL CARABILITY OF | 420

THE PORTABLE MULTI-PURPOSE WIRELESS DEVICE,
BASED AT LEAST IN PART ON THE GEOQGRAPHIC
LOCATION
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FIG. 5

210 = PLACING THE SMALL-CELL CAPABILITY IN AN
| ACTIVE STATE WHEREIN THE WIRELESS DEVICE

OPERATES AS A SMALL CELL SU0

™~
AT LEAST ONE OF: PLACING THE SMALL-CELL
CAPABILITY IN AN INACTIVE STATE WHEREIN THE
WIRELESS DEVICE DOES NOT PERFORM ANY SMALL
CELL FUNCTION, , OR CAUSING THE WIRELESS
DEVICE TO CHANGE FROM THE ACTIWVE STATE TO
THE INACTIVE STATE OR FROM THE INACTIVE
STATE TO THE ACTIVE STATE

AT LEAST ONE OF: PLACING THE SMALL-CELL
| CAPABILITY IN A LATENT STATE WHEREIN THE
 WIRELESS DEVICE DOES NOT OPERATE AS A SMALL
| CELL AND LISTENS FOR AN ACTIVATION SIGNAL, |
L OR CAUSING THE WIRFLESS DEVICE TO CHANGE
| FROM ONE OF THE ACTIVE STATE OR THE INACTIVE
z STATE TO THE LATENT STATE OR FROM THE
| LATENT STATE TO ONE OF THE INACTIVE STATE OR
' THE ACTIVE STATE

WHEN IN THE LATENT STATE, PERFORMING AT
LEAST ONE OF: SPARSELY TRANSMITTING AN
CVERHEAD SIGNAL FOR DETECTION BY A MOBILE
ENTITY OR FOR REPORTING TO THE WIRELESS
COMMUNICATION NETWORK, ADVERTISING ITS
PRESENCE USING QOB SIGNALING, OR LISTENING
FOR AN ACTIVATION REQUEST
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610

CONTROLLING THE CURRENT ONE OF THE TWO OR
MORE DIFFERENT STATES IS FURTHER BASED ON
WHETHER THE WIRELESS DEVICE IS LOCATED IN A

DEFINED HOME REGION

— 620

DETERMINING WHETHER THE WIRELESS DEVICE IS
LOCATED IN A DEFINED HOME REGION BASED ON
LEAST ONE OF A MACRO CELL NEIGHBORHOOD
DETECTED BY THE WIRELESS DEVICE, OR ON GLOBAL
POSITIONING SYSTEM (GPS) COORDINATES DETECTED
BY THE WIRELESS DEVICE

FIG. 7 o
710 — (.

CONTROLLING THE CURRENT ONE OF THE TWO OR
MORE DIFFERENT STATES FURTHER BASED ON AT LEAST
ONE OF DEMAND OR LOAD FACTORS OF THE WIRELESS
COMMUNICATION NETWORK

CONTROLLING THE CURRENT ONE OF THE TWO OR
MORE DIFFERENT STATES IS FURTHER BASED ON ONE
OR MORE LOCATIONS OF AT LEAST ONE ADDITIONAL
PORTABLE MULTI-PURPOSE WIRELESS DEVICE

{30

CONTROLLING THE CURRENT ONE OF THE TWO OR
MORE DIFFERENT STATES {S FURTHER BASED ON AT
LEAST ONE POWER SOURCE STATUS OF THE WIRELESS
DEVICE AND AT LEAST ONE ADDITIONAL PORTABLE
MULTI-PURPOSE WIRELESS DEVICE



U.S. Patent Oct. 25, 2016 Sheet 6 of 8 US 9.479,896 B2

auo
810 .

' THE CONTROLLING THE CURRENT ONE OF THE TWO OR |
| MORE DIFFERENT STATES IS5 FURTHER BASED ON AT |
LEAST ONE WIRELESS CAPABILITY OF AT LEAST ONE
MOBILE ENTITY WITHIN RADIO RANGE OF THE
WIRELESS DEVICE

820
| THE CONTROLLING THE CURRENT ONE OF THE TWO OR |
| MORE DIFFERENT STATES IS FURTHER BASED ON |
| UPLINK SIGNALING FROM ONE OR MORE MOBILE ENTITY |
830 -

| THE UPLINK SIGNALING COMPRISES AT LEAST ONE OF
| NON-DECODED UPLINK TRAFFIC, OR AREQUEST TO
ACTIVATE THE SMALL-CELL CAPABILITY OF THE
WIRELESS DEVICE
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SMALL CELL ACTIVATION CONTROL OF
PORTABLE MULTI-PURPOSE WIRELESS
DEVICE

BACKGROUND

Aspects of the present disclosure relate generally to
wireless communication systems, and more particularly, to
apparatus, systems, and methods for controlling features of
small cells.

Wireless communication networks are widely deployed to
provide various communication services such as telephony,
video, data, messaging, broadcasts, and so on. Such net-
works, which are usually multiple access networks, support
communications for multiple users by sharing the available

network resources. One example of such a network 1s the
UMTS Terrestrial Radio Access Network (UTRAN). The

UTRAN 1s the radio access network (RAN) defined as a part

of the Universal Mobile Telecommunications System
(UMTS), a third generation (3G) mobile phone technology
supported by the 3rd Generation Partnership Project (3GPP).
The UMTS, which 1s the successor to Global System for
Mobile Communications (GSM) technologies, currently

supports various air iterface standards, such as Wideband-
Code Division Multiple Access (WCDMA), Time Division-

Code Division Multiple Access (TD-CDMA), and Time
Division-Synchronous Code Division Multiple Access (TD-
SCDMA). The UMTS also supports enhanced 3G data
communications protocols, such as High Speed Packet
Access (HSPA), which provides higher data transfer speeds
and capacity to associated UMTS networks. High Speed
Uplink Packet Access (HSUPA) 1s a data service oflfered on
the uplink of UMTS networks.

Wireless communication systems are widely deployed to
provide various telecommunication services such as tele-
phony, video, data, messaging, and broadcasts. Typical
wireless communication systems may employ multiple-
access technologies capable of supporting communication
with multiple users by sharing available system resources
(e.g., bandwidth, transmit power). Examples of such mul-
tiple-access technologies include code division multiple
access (CDMA) systems, time division multiple access
(TDMA) systems, Ifrequency division multiple access
(FDMA) systems, orthogonal frequency division multiple
access (OFDMA) systems, single-carrier frequency division
multiple access (SC-FDMA) systems, and time division
synchronous code division multiple access (TD-SCDMA)
systems.

These multiple access technologies have been adopted in
various telecommunication standards to provide a common
protocol that enables different wireless devices to commu-
nicate on a municipal, national, regional, and even global
level. An example of an emerging telecommunication stan-
dard 1s Long Term Evolution (LTE). LTE 1s a set of
enhancements to the Universal Mobile Telecommunications
System (UMTS) mobile standard promulgated by Third
Generation Partnership Project (3GPP). LTE 1s designed to
better support mobile broadband Internet access by improv-
ing spectral efliciency, lowering costs, improving services,
making use of new spectrum, and better integrating with
other open standards using OFDMA on the downlink (DL),
SC-FDMA on the uplink (UL), and multiple-input multiple-
output (MIMO) antenna technology. However, as the
demand for mobile broadband access continues to increase,
there exists a need for further improvements i LTE tech-
nology. These improvements may be applicable to other
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2

multi-access technologies and the telecommunication stan-
dards that employ these technologies.

In heterogeneous cellular wireless systems including base
stations of widely varying power, base stations may be
broadly categorized as “macro” cells or small cells. Femto
cells and pico cells are examples of small cells. As used
herein, a small cell means a cell characterized by having a
transmit power substantially less than each macro cell 1n the

network with the small cell, for example low-power access
nodes such as defined in 3GPP Technical Report (T.R.)

36.932 V12.1.0, Section 4 (*“Introduction™).

Small cells may be deployed 1n an ad hoc manner, but are
generally not portable. That 1s, the location where a small
cell 1s mitialized generally remains the same or static for
long periods of time. Portable access terminals may be used
as relay devices, but a relay device does not provide the tull
functionality of a small cell. Increasingly, however, access
terminals are configured with wireless hardware that may
enhance their suitability for operating as small cells, while
also retaining functionality for other uses, for example as a
wireless access terminal, computer terminal, stand-alone
computer, home entertainment appliance, or portable server.
It may be desirable, therefore, to extend small cell function-
ality to new configurations, devices and equipment, and to
provide news methods for controlling operation of small
cells 1n such new configurations or equipment.

SUMMARY

Methods, apparatus and systems for controlling activation
or deactivation of a small cell capability of a portable
multi-purpose wireless device of a wireless communications
system are described in detail 1n the detailed description, and
certain aspects are summarized below. This summary and
the following detailed description should be interpreted as
complementary parts of an integrated disclosure, which
parts may include redundant subject matter and/or supple-
mental subject matter. An omission 1n either section does not
indicate priority or relative importance of any element
described 1n the integrated application. Differences between
the sections may include supplemental disclosures of alter-
native embodiments, additional details, or alternative
descriptions of identical embodiments using different termi-
nology, as should be apparent from the respective disclo-
Sures.

In an aspect, a portable computer terminal 1s configured
with user functions that may be unrelated to the wireless
communication network, and with small cell functions
enabling operation of the portable terminal as a small cell of
the wireless communication network. The terminal’s small
cell functions can be activated and de-activated 1n response
to transient network conditions in 1ts vicinity, by one or more
nodes of the wireless communication network. The com-
puter terminal need not be a special-purpose device config-
ured as a small cell of the network, but may have substantial
other, unrelated user functions. For example, a notebook
computer or laptop computer may be configured as a gen-
eral-purpose computer for operating user-selected applica-
tions, while also including hardware and software enabling
the computer to operate as a small cell under control of the
wireless communication network, optionally while also
being used to run user-selected applications.

An incentive for this dual-use configuration may be to
cnable greater penetration and distribution of small cells
within a wireless communication network, without requiring
a user base to purchase and operate dedicated small cells.
For example, a system operator may ofler iree or subsidized
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portable computers to the general public 1n a given geo-
graphic area, in exchange for an agreement to allow use and
operation of the portable computers as portable small cells.
The users may be free to use the portable computers for a
wide range of user-selected applications, which may be
completely unrelated to operation or use of the wireless
communication network. Thus, a system operator may cause
a population of portable small cells to enter into use within
a geographic area. The portable small cells can be activated
or deactivated by the system operator as needed to ensure
connectivity for the system’s subscribers.

As used herein, a small cell means a cell characterized by
having a transmit power substantially less than each macro
cell in the network with the small cell, for example low-
power access points such as defined in 3GPP Technical
Report (T.R.) 36.932 section 4. In addition, portable multi-
purpose device having a small cell capability which can be
selectively activated and deactivated by a system operator
may be referred to heremn as a portable multi-purpose
wireless device.

Accordingly, the present disclosure also concerns meth-
ods for controlling activation or deactivation of a small cell
capability of a portable multi-purpose wireless device 1 a
wireless communications network. In an aspect, a method
may 1nclude determining a geographic location of a portable
multi-purpose wireless device capable of two or more dii-
ferent states of small cell activity. The different states may
include, for example, an active state, an inactive (or deac-
tivated) stated, and a latent or “waiting” state. The method
may further include controlling a current one of the two or
more different states of the small-cell capability of the
portable multi-purpose wireless device, based at least in part
on the geographic location.

In an aspect of the method, controlling the current one of
the two or more different states may include placing the
small-cell capability 1n an active state wherein the wireless
device operates as a small cell. In the alternative, or 1n
addition, controlling the current one of the two or more
different states may include placing the small-cell capability
in an inactive state wherein the wireless device does not
perform any small cell function. In another alternative,
controlling the current one of the two or more diflerent states
may include placing the small-cell capability 1n a latent state
wherein the wireless device does not operate as a small cell
and waits for an activation signal. When the wireless device
1s 1n the latent state, the method may include at least one of:
sparsely transmitting an overhead signal for detection by a
mobile entity or for reporting to the wireless communication
network, advertising 1ts presence using OOB (Out-Of-
Bounds) signaling, listening to OOB signaling, or listening
for an activation request.

In other aspects of the method, controlling the current one
of the two or more different states may be further based on
whether the wireless device 1s located 1n a defined home
region. Determining whether the wireless device 1s located
in a defined home region may be based on least one of a
macro cell neighborhood detected by the wireless device, or
on Global Positioming System (GPS) coordinates detected
by the wireless device.

In other aspects of the method, controlling the current one
of the two or more different states may be further based on
at least one of demand or load factors of the wireless
communication network. In another alternative, or 1in addi-
tion, controlling the current one of the two or more diflerent
states may be further based on one or more locations of at
least one additional portable multi-purpose wireless device
capable of two or more different states of small cell activity.
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In another alternative, or 1n addition, controlling the current
one of the two or more diflerent states may be further based

on at least one power source status of the wireless device and
at least one additional portable multi-purpose wireless
device capable of two or more diflerent states of small cell
activity. For example, 1f two or more devices are available
to act as a small cell 1n an area, priority may be given to the
device with a more reliable or replemishable power source
(e.g., grid power). In another alternative, or in addition,
controlling the current one of the two or more diflerent states
may be further based on at least one of an available radio
access technology, backhaul availability, or backhaul quality
of the wireless device and at least one additional portable
multi-purpose wireless device capable of two or more dif-
ferent states of small cell activity.

In other aspects, controlling the current one of the two or
more different states may be further based on at least one
wireless capability of at least one mobile entity within radio
range of the wireless device. For example, a decision may be
made to activate the small cell capability i1 the radio access
technology provided would be appropriate, or more appro-
priate than alternatives, for the mobile entity. In the alter-
native, or 1n addition, controlling the current one of the two
or more different states may be fturther based on uplink
signaling from one or more mobile entity. In an aspect, the
uplink signaling may include at least one of non-decoded
uplink traflic, or a request to activate the small-cell capa-
bility of the wireless device.

In related aspects, a wireless communication apparatus
may be provided for performing any of the methods and
aspects of the methods summarized above. An apparatus
may 1nclude, for example, a processor coupled to a memory,
wherein the memory holds instructions for execution by the
processor to cause the apparatus to perform operations as
described above. Certain aspects of such apparatus (e.g.,
hardware aspects) may be exemplified by equipment such as
a network entity wireless communication network, for
example, a portable computer terminal having a first set of
functions unrelated to the wireless communication network,
and a second set of functions enabling 1ts operation as a
small cell capable of the wireless communication network,
which can be activated and de-activated in response to
transient network conditions 1n 1ts vicinity. In some aspects,
one or more other network entities of the wireless commu-
nication network may operate iteractively with a portable
computer terminal to perform aspects of the technology as
described herein. Similarly, an article of manufacture may
be provided, including a computer-readable storage medium
holding encoded instructions, which when executed by a
processor, cause a network entity to perform the methods
and aspects of the methods as summarized above.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed aspects will hereinafter be described 1n
conjunction with the appended drawings, provided to 1llus-
trate and not to limit the disclosed aspects, wherein like
designations denote like elements.

FIG. 1 1s a block diagram illustrating aspects of activating
or deactivating a small cell capability of a portable multi-
purpose wireless device, 1n a wireless communications sys-
tem.

FIG. 2 1s a schematic diagram 1illustrating aspects of a
wireless communication system 1n which activation or deac-
tivation of a portable multi-purpose wireless device may be
performed.

FIG. 3 1s a schematic diagram illustrating geo-fencing.
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FIGS. 4-8 are flow charts 1llustrating aspects of methods
for controlling activation or deactivation of a small cell

capability of a portable multi-purpose wireless device 1 a
wireless communications network.

FI1G. 9 15 a block diagram illustrating aspects of a Node B
in commumnication with a UE 1n a telecommunications
system, wherein the Node B i1s configured for operating as
a portable multipurpose wireless device with a small cell
capability that 1s selectively activated based on location or
other factors.

FIG. 10 1s a block diagram illustrating further aspects of
an apparatus configured for controlling activation or deac-
tivation of a small cell capability of a portable multi-purpose
wireless device 1n a wireless communications network.

DETAILED DESCRIPTION

Various aspects are now described with reference to the
drawings. In the following description, for purposes of
explanation, numerous specific details are set forth 1n order
to provide a thorough understanding of one or more aspects.
It may be evident, however, that such aspect(s) may be
practiced without these specific details.

Present and anticipated future needs for high bandwidth to
mobile terminals may require a much higher density of small
cells 1n urban environments than 1s presently the case. The
required density (e.g., 20% of households 1n a given area,
where 10x spectrum 1s available) may exceed what 1s easily
attainable using conventional distribution models for imple-
menting small cell mstallations. To meet challenging pen-
etration goals for user-deployed small cells, alternatives may
include configuring some portion of mobile entities (UEs) to
operate as small cells under certain conditions. A drawback
to this approach may include power limitations, as mobile
entities may be infrequently connected to grid power, or
other resource constraints.

Referring to FIG. 1, showing a system 100 including a
core network 112, wide area network (WAN) 110, and
unconventional computing terminals 102. Unconventional
computing terminals 102 may be terminals that are not
traditionally used as UEs, but that may more frequently be
connected to gnd power or more robust battery sources. In
system 100, unconventional computing terminals 102 may
be configured to operate as small cells on an as-needed or
other conditional basis. Such unconventional terminals may
include, for example, notebook, laptop, or desktop comput-
ers with backhaul and wireless capabilities, or appliances
such as smart televisions or home security systems. These
terminals 102 may connect to a WAN 110 via a modem 106
or the like when in a home location, for a backhaul. A
backhaul such as via WAN 110 may include wireless links,
wired links, or some combination of wired and wireless
links. As such, the terminal 102 may readily operate as a
small cell for one or more mobile entities 114 1n 1ts vicinity
or home region 104, via a wireless link 116. When away
from the home region 104, a terminal 102' may connect to
the WAN 110 via a different wireless link 116' and wireless
hotspot 108 or cell, or may be unconnected as shown at
102",

In one distribution model, for example, portable devices
such as smart phones, Internet appliances for televisions or
the like, media players, smart appliances, laptop computers,
tablet computers, or other devices or systems with the
desired small cell capabilities may be distributed free of
charge or at a subsidized rate to users, in exchange for an
agreement permitting their use as small cells when needed
by the network operator. Such terminals 102 need not be
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equipped to function as user terminals in the wireless
network that they serve as small cells. They may be used for
different and unrelated functions, for example as general
purpose computers, entertainment appliances, or home secu-
rity appliances, by the users who 1nstall them 1n their homes
or businesses. The terminals 102 may be highly portable or
merely transportable. Such devices may be referred to herein
as “portable multi-function wireless devices with small cell
capability,” or as “portable small cells” for brevity. In an
aspect, the small cell capability includes at least an active
(“on”) state and an 1nactive or deactivated (“off”) state.
Either of the inactive state or deactivated state may be
realized when the device 1s otherwise powered on and
operating 1n 1ts unrelated function.

Whatever the type of portable multi-function wireless
devices with small cell capability, system design challenges
may include determining when to place the devices 1n a
small cell active state, and what operating conditions to
apply. Accordingly, systems and methods are discussed
herein that can deal with various challenges presented by
portable small cells. For example, a system can determine
whether a portable small cell should be 1n an active state at
all time when 1t 1s stationary and powered on, or only some
of the time. To avoid interference with other cells or deple-
tion of power, 1t may be advantageous to avoid activating
portable small cells except when needed. As another
example, the system can determine whether the portable
small cell should be activated when 1t 1s powered on, 11 1t 1s
moved out of 1ts designated home area 104. As yet another
example, the system can determine how portable small cells
should be activated or deactivated. As a further example, 11
multiple portable small cells are available and some are not
needed to handle network load, the system can determine
which portable small cells should be activated and which
should be imactivated. Moreover, when particular portable
small cells are activated, the system can determine which
radio access technology (RAT) or frequency band the por-
table small cell should use.

Betore describing the methods and apparatus for control-
ling activation or deactivation of a small cell capability of a
portable multi-purpose wireless device 1n a wireless com-
munications network 1n more detail, an example of a context
in which the present techniques may be practiced 1s helptul.
FI1G. 2 shows a wireless communication network 200, which
may be an LTE network. The wireless network 200 may
include a number of eNBs 210 and other network entities.
An eNB may be a station that communicates with the UEs.
As used herein, an eNB may also be referred to as a base
station, a Node B, an access point, or other term, and
generally includes small cell base stations as well as macro
base stations. Each eNB 210q, 2105, 210¢ may provide
communication coverage for a particular geographic area. In
3GPP, the term ““cell” can refer to a coverage area of an eNB
and/or an eNB subsystem serving this coverage area,
depending on the context in which the term 1s used.

An eNB may provide communication coverage for a
macro cell, a femto cell, portable small cell, and/or other
types of cell. A macro cell may cover a relatively large
geographic area (e.g., several kilometers 1n radius) and may
allow unrestricted access by UEs with service subscription.
A femto cell may cover a relatively small geographic area
(e.g., a home) and may allow restricted access by UEs
having association with the femto cell (e.g., UEs 1n a Closed
Subscriber Group (CSG), UEs for users in the home, etc.).
An eNB for a macro cell may be referred to as a macro eNB.
An eNB for a femto cell may be referred to as a femto eNB

or a home eNB (HeNB). An eNB for a portable small cell
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may be referred to as a portable small cell eNB. In the
example shown i FIG. 1, the eNBs 210q, 2106 and 210c
may be macro eNBs for the macro cells 202q, 2025 and

202c¢, respectively. The eNB 210x may be a portable small
cell eNB for a small cell 202x, and the eNB 201y may be a

portable small cell eNB for a small cell 202y. The eNB 210z
may be femto eNB for the femto cells 202z. An eNB may
support one or multiple (e.g., three) cells. The femto cell and
portable small cells are examples of small cells. As used
herein, a small cell means a cell characterized by having a
transmit power substantially less than each macro cell 1n the
network with the small cell, for example low-power access
points such as defined mm 3GPP Technical Report (T.R.)
36.932 section 4.

The wireless network 200 may also include relay stations
2107. A relay station 1s a station that receives a transmission
of data and/or other information from an upstream station
(c.g., an eNB or a UE) and sends a transmission of the data
and/or other information to a downstream station (e.g., a UE
or an eNB). A relay station may also be a UE that relays
transmissions for other UEs. In the example shown in FIG.
1, a relay station 2107 may commumnicate with the eNB 210aq
and a UE 2207 1n order to facilitate communication between
the eNB 210q and the UE 220r. A relay station may also be
referred to as a relay eNB, a relay, eftc.

The wireless network 200 may be a heterogeneous net-
work that includes eNBs of different types, e.g., macro
eNBs, portable small cell eNBs, femto eNBs, relays, or other
base stations. These different types of eNBs may have
different transmit power levels, different coverage areas, and
different impact on 111terference in the wireless network 200.
For example, macro eNBs may have a high transmit power
level (e.g., 5 to 20 Watts) whereas portable small cell eNBs,
temto eNBs and relays may have a lower transmit power
level (e.g., 0.1 to 2 Watts).

The wireless network 200 may support synchronous or
asynchronous operation. For synchronous operation, the
¢NBs may have similar frame timing, and transmissions
from diflerent eNBs may be approximately aligned in time.
For asynchronous operation, the eNBs may have different
frame timing, and transmissions from different eNBs may
not be aligned in time. The techniques described herein may
be used for both synchronous and asynchronous operation.

A network controller 230 may couple to a set of eNBs and
provide coordination and control for these eNBs. The net-
work controller 230 may communicate with the eNBs 210
via a backhaul. The eNBs 210 may also communicate with
one another, e.g., directly or indirectly via wireless or
wireline backhaul. The eNBs may include, for example, a
conventional small cell eNB 210y and a number of portable
small cell eNB’s 201y, 210z

The UEs 220 may be dispersed throughout the wireless
network 100, and each UE may be stationary or mobile. A
UE may also be referred to as a terminal, a mobile station,
a subscriber unit, a station, a smart phone, etc. A UE may be
a cellular phone, a personal digital assistant (PDA), a
wireless modem, a wireless communication device, a hand-
held device, a laptop computer, a notebook computer, a
cordless phone, a wireless local loop (WLL) station, an
educational device, or another mobile entity. A UE may be
able to communicate with macro eNBs, portable small cell
c¢NBs, femto eNBs, relays, or other network entities. In FIG.
2, a solid line with double arrows indicates desired trans-
missions between a UE and a serving eNB, which 1s an eNB
designated to serve the UE on the downlink and/or uplink.
A dashed line with double arrows indicates interfering
transmissions between a UE and an eNB.
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LTE utilizes orthogonal frequency division multiplexing
(OFDM) on the downlink and single-carrier frequency divi-
sion multiplexing (SC-FDM) on the uplink. OFDM and
SC-FDM partition the system bandwidth into multiple (K)
orthogonal subcarriers, which are also commonly referred to
as tones, bins, etc. Each subcarrier may be modulated with
data. In general, modulation symbols are sent 1n the fre-
quency domain with OFDM and 1n the time domain with
SC-FDM. The spacing between adjacent subcarriers may be
fixed, and the total number of subcarriers (K) may be

dependent on the system bandwidth. For example, K may be
equal to 128, 256, 512, 1024 or 2048 for system bandwidth

of 1.25, 2.5, 5, 10 or 20 megahertz (MHz), respectively. The
system bandwidth may also be partitioned into subbands.

For example, a subband may cover 1.08 MHz, and there may
be 1, 2, 4, 8 or 16 subbands for system bandwidth of 1.25,

2.5, 5, 10 or 20 MHz, respectively. In LTE, system band-
width may be 1.4, 3, 5, 10, 15, or 20 MHz with a number of
resource blocks 6, 15, 25, 50, 75 and 100, respectively, and
sub carriers numbering 72, 180, 300, 600, 900 and 1200,
respectively.

It may be desirable to deactivate portable small cells that
are not 1 a home neighborhood or home geographic area. To
determine whether a portable small cell 1s 1n a home area,
geo-fencing based on macro cell identifiers may be used.
Geo-fencing may be better understood with respect to FIG.
3, showing an area 300 of a wireless communication net-
work that include several macro cells 304, 306, 308. Each of
the macro cells may be assigned a specific i1dentifier. A
portable small cell 302 may maintain a stored fingerprint of
its home area, based on cell identifiers of neighboring macro
cells 304, 306, 308 on cach applicable RAT or frequency
band. The portable small cell may be activated as a small cell
whenever 1t detects that 1t 1s within its fingerprinted area, and
deactivated if 1t detects that 1t has moved out of 1ts finger-
printed area. The fingerprinted areca may be defined in
various ways, such as the union of area 304, 306, 308, the
intersection of these areas, or by some other definition. In an
alternative, or 1n addition, the portable small cell 302 may
use detected Global Positioning System (GPS) coordinates
to determine whether it 1s 1n a home area. Geofencing may
also be implemented for various types of portable small
cells, for example, pico cells or femto cells, by clumping the
small cell into the macro cell for this application. Geofenc-
ing may similarly be implemented for stationary cells.

When 1n its home, a portable small cell may have access
to broadband connectivity to a core network via WikF1 or
similar link. Outside of 1ts home, 11 it 1s still within a desired
geo-fence (for example, an operator-defined geo-fence
designed to supply small cell capability in an under-served
area), 1t may be configured as a relay eNB and provide
connectivity to mobile entities 1f needed. Outside of 1ts home
and any indicated geo-fence, 1ts small cell functionality may
be deactivated. In other embodiments, geo-fences may be
disregarded and the portable small cell may be activated
whenever needed, wherever 1t happens to be.

A portable small cell may be activated or deactivated by
an operator radio access node or other control node based on
network load, geographic location, or other factors. For
example, 1n some arcas demand may be met by a first set of
macro cells, conventional small cells and portable small
cells. Additional portable small cells in the area may there-
fore be deactivated.

Activation control decisions may be performed 1mn a
centralized manner, by one or more control nodes for a
region. In an alternative, control of activation may be
performed 1n a self-organizing, distributed manner. In a
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centralized approach, a network entity may determine which
portable small cells from a pool of available devices should
be activated. The decision may be based on available power,
location of mobile entities relative to diflerent portable small
cells, potential for interference with other cells, other fac-
tors, and/or any combination thereof. Portable small cells
may be activated in a rotating manner to more evenly
distribute use of resources over time, such as for example to
preserve battery power. In addition, a centralized network
entity may determine a RAT or frequency band for the
portable small cell to operate 1n, depending on capabilities
ol mobile entities that will be served by the portable small
cells.

In a hybrid of centralized and self-organizing approaches,
the portable small cell may autonomously determine that it
should activate or deactivate, based on determining whether
it 1s located 1nside or outside of a geo-fence or fingerprint
associated with its base/home location. The geo-fence/fin-
gerprint may be defined as macro cell neighborhood or GPS
coordinates. This could be based on the network/operator
policy. The cellular network may determine whether or not
to activate/deactivate a portable small cell based on network
conditions (e.g., demand or load factors); current location of
portable small cells, power availability state of portable
small cells, presence of other proximate portable small cells
and their states, small cell and proximate UE capabilities
regarding radio access technology (RAT) support, band
support, backhaul availability/quality or quality state of
portable small cells; other criteria, and/or any combination
thereol. In some embodiments, the portable small cell may
activate 1tself or become a candidate (final decision may still
be with network) 1n response to UL sensing 1.e. detecting
energy 1n UL exceeding a threshold, OOB signaling, and/or
detecting a specific UE broadcast signal requesting activa-
tion of proximate portable small cells. In some cases, once
a latent portable small cell detects nearby mobile entities by
uplink sensing, it may transition to an active state based on
mobile entity sensing measurements, using a distributed
control method. In the alternative, the portable small cell
may report uplink sensing measurements to a central net-
work entity. The central network entity (e.g., RAN with or
without help from CN) may determine whether the portable
small cell should be activated based on the uplink sensing
report.

In some embodiments, prior to activation, the portable
small cell may operate 1n a latent state without advertising
itself; 1.e., 1t may listen only. While operating in the latent
state, a portable small cell may await a signal to transition
to an active state. As used herein, a portable small cell
operating 1n the latent state may be referred to as a “latent
cell”. During this state, the portable small cell 1s neither
activated nor deactivated. Instead, 1t may transmit overhead
signals, such as, for example, Primary Synchronization
Signals (PSS), Secondary Synchronization Signals (SSS),
Common Reference Signal (CRS), a master information
block (MIB) or system information block (SIB), at sparse
intervals, meaning at a substantially reduced frequency
compared to its active state. This allows nearby UEs to
detect the presence of the small cells even when the portable
small cell 1s 1n a latent state. Periodicity of overhead
signaling may be reduced to manage interference from a
large number of latent cells and to conserve resources. At a
later time, based on the results of UL sensing, the portable
small cell can change from the latent state to an active state
(e.g., by activating itsell or becoming a candidate for acti-
vation). For example, once a latent portable small cell
receives an activation signal from a macro cell or conven-
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tional small cell, 1t may transition to an active state and
operate as a small cell. As another example, a small cell 1n
a latent state may advertise its presence using Out-Of-Band
(OOB) signaling. In some embodiments, a portable small
cell may be 1n communication with RAN and/or CN while
operating 1n either a latent state or a deactivated state.

It should be appreciated that the distinction between
latent, active, and 1nactive states relates to the small cell
function of a small cell, and not to other uses of a dual-use
device unrelated to small cell function. Whether 1n a latent,
active, or 1active state, a dual-use small cell may continue
to function normally for other uses, for example, as a user
terminal or computing device, or may be disabled or not 1n
use for other purposes. A dual-use small cell may be
configured such that there i1s no relationship between 1ts
small cell state and 1ts state for unrelated uses. In the
alternative, a small cell may be configured so that there 1s
some defined relationship between its small cell state and 1ts
state for unrelated uses. For example, a dual use small cell
may be maintained 1n a latent or mactive state, generally at
times when 1t 1s undergoing use for a different purpose, or
when 1ts level of use for the other purpose exceeds some
threshold.

In an aspect, activation of a portable small cell may be
wholly or partly triggered by one or more neighboring
mobile entities, based on the mobile entities’ bandwidth
demands compared to system loads, quality of service (QoS)
requirements, and the portable small cell’s geographic loca-
tion. For example, in areas where demand 1s met by macro
cells and operational small cells, additional portable small
cells may be deactivated or put into a latent state, in which
it can detect uplink signals but does not emit downlink
signals except for sparse overhead signaling.

In addition to uplink sensing, or in an alternative, the
portable small cell may also listen for a signal from a mobile
entity that indicates an mnquiry concerning whether a small
cell 1s available, or a demand for small cell service. For
example, the portable small cell may listen for a UE request
for activation of a nearby small cell, over OOB. The portable
small cell may report such a signal to a network entity for
centralized control, for example using WWAN or OOB, or
may act on the signal according to a distributed control
scheme. This listening and reporting may be performed
while the portable small cell 1s 1n a latent state.

In view ol exemplary systems shown and described
herein, methodologies that may be implemented 1n accor-
dance with the disclosed subject matter, will be better
appreciated with reference to various tlow charts. While, for
purposes ol simplicity of explanation, methodologies are
shown and described as a series of acts/blocks, i1t 1s to be
understood and appreciated that the claimed subject matter
1s not limited by the number or order of blocks, as some
blocks may occur 1n different orders and/or at substantially
the same time with other blocks from what 1s depicted and
described herein. Moreover, not all illustrated blocks may be
required to implement methodologies described heren. It 1s
to be appreciated that functionality associated with blocks
may be implemented by soitware, hardware, a combination
thereol or any other suitable means (e.g., device, system,
process, or component). Additionally, 1t should be further
appreciated that methodologies disclosed throughout this
specification are capable of being stored as encoded instruc-
tions and/or data on an article of manufacture to facilitate
transporting and transferring such methodologies to various
devices. Those skilled in the art will understand and appre-
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ciate that a method could alternatively be represented as a
series of interrelated states or events, such as in a state
diagram.

FI1G. 4 1s a flow diagram summarizing aspects of a method
400, by one or more of a core network entity 1n communi-
cation with a wireless device or the wireless device, of a
method for controlling activation or deactivation of a small
cell capability of a portable multi-purpose wireless device 1n
a wireless communications network. In an aspect, a method
may include, at 410, determining a geographic location of a
portable multi-purpose wireless device capable of two or
more different states of small cell activity. The diflerent
states may include, for example, an active state, an 1nactive
(or deactivated) stated, and a latent state. Determining the
geographic location may be performed while the device 1s 1n
a deactivated or latent state, using one or more operations as
described elsewhere herein. When 1n a deactivated or latent
state, the wireless device may perform functions unrelated to
functioning as a terminal or small cell of the wireless
communication network. In an aspect, the wireless device
may lack any capability to function as a terminal in the
wireless communication network. In such case, for example,
it may be distributed to, used and transported by a user for
unrelated uses. When the portable multi-purpose device 1s in
the small cell activate state, functions unrelated to the small
cell operator may or may not be functioning.

The method may further include, at 420, controlling a
current one of the two or more different states of the small
cell capability of the portable multi-purpose wireless device,
based at least 1 part on the geographic location. For
example, 1t may be determined to activate a deactivated or
latent device as a small cell, 1f 1t 1s located 1n a “home™ area
and not 1f 1t 1s outside of the area. However, other factors
may also be considered, as described herein, 1 addition to,
or mstead of, geographic location.

The method 400 may further include additional operations
or execution of algorithms, for example, one or more of
operations 500, 600, 700 or 800 illustrated 1n FIGS. 5-8. Any
one of these operations may be included as part of method
400, without necessarily requiring other upstream or down-
stream operations to also be included. Operations are
grouped 1nto different figures merely for 1llustrative conve-
nience, and useful applications of the concepts disclosed
herein are not limited to the illustrated groupings.

The method 400 may include one or more of the addi-
tional operations 500, shown in FIG. 5. In an aspect of the
method 400, controlling the current one of the two or more
different states may include, at 510, placing the small-cell
capability in an active state wherein the wireless device
operates as a small cell. In the alternative, or in addition,
controlling the current one of the two or more different states
may include, at 520, at least one of: placing the small-cell
capability 1n an 1nactive state, also referred to herein as a
deactivated state, wherein the wireless device does not
perform any small cell function, or causing the wireless
device to change from the active state to the 1nactive state or
from the inactive state to the active state. In alternative
aspects, the device may also be incapable of functioning as
a wireless terminal of the network at all times; or may be
capable of functioning as a terminal of the network. In
another alternative, controlling the current one of the two or
more different states may include, at 530, at least one of:
placing the small-cell capability in a latent state wherein the
wireless device does not operate as a small cell and waits
(and listens) for an activation signal, or causing the wireless
device to change from one of the active state or the mactive
state to the latent state or from the latent state to one of the
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iactive state or the active state. When the wireless device 1s
in the latent state, the method 400 may include, at 540, at
least one of: sparsely transmitting an overhead signal for
detection by a mobile entity or for reporting to the wireless
communication network, advertising 1ts presence using Out-
Of-Band (OOB) signaling, or listening for an activation
request. Overhead signals may include, for example, pri-
mary or secondary synchronization signals (PSS or SSS),
common reference signals (CRS), a master mnformation
block (MIB) signal or system information block (SIB)
signal. “Sparsely transmitting” means transmitting at a sub-
stantially lower than normal frequency or duty cycle for a
small cell.

In other aspects, the method 400 may include one or more
of the additional operations 600, shown in FIG. 6. The
method 400 may further include, at 610, controlling the
current one of the two or more difierent states further based
on whether the wireless device 1s located 1n a defined home
region. The concept of a home region 1s discussed 1n more
detail 1n connection with FIG. 3. In an aspect of the method,
determining whether the wireless device 1s located 1n a
defined home region may be based, at 610, on least one of
a macro cell neighborhood detected by the wireless device,
or on Global Positioming System (GPS) coordinates detected
by the wireless device.

In other aspects, the method 400 may include one or more
of the additional operations 700, shown in FIG. 7. The
method 400 may include, at 710, controlling the current one
of the two or more diflerent states further based on at least
one of demand or load factors of the wireless communica-
tion network. For example, the wireless device may be
activated when nearby macro cell load factors are high or
above a defined threshold, and deactivated or put into a
latent state when nearby macro cell load factor are low, or
below a defined threshold.

In another alternative, or in addition, controlling the
current one of the two or more diflerent states may be further
based, at 720, on one or more locations of at least one
additional portable multi-purpose wireless device capable of
two or more different states of small cell activity. For
example, a determination to activate may be made 11 there 1s
no nearby active or preferable portable multi-function wire-
less device to handle a present or anticipated demand.

In another alternative, or in addition, controlling the
current one of the two or more different states may be further
based, at 730, on at least one of: power source status of the
wireless device and at least one additional portable multi-
purpose wireless device capable of two or more diflerent
states of small cell activity. For example, 1I two or more
devices are available to act as a small cell 1n an area, priority
may be given to the device with a more reliable or replen-
ishable power source (e.g., grid power, solar power). As used
herein, a “power source status” means a current status of a
power source. A power source status may include, for
example, a measured voltage across terminals of a battery,
solar cell, or other power source, a ratio of the measured
voltage to a baseline voltage, an indication of a connection
to a power grid (e.g., an indication of whether or not the
device 1s plugged into wall power), a power frequency, a
measure ol stability, or other quantitative or qualitative
indication of a current power source state.

In another alternative, or in addition, controlling the
current one of the two or more diflerent states may be further
based on at least one of an available radio access technology
(RAT), backhaul availability, or backhaul quality of the
wireless device and at least one additional portable multi-
purpose wireless device capable of two or more different
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states of small cell activity. For example, preference may be
grven 1n an activation determination to a device with a more
suitable or superior RAT or backhaul, wherein the more
suitable or superior RAT may be determined as a function of
the capabilities of the UEs that the small cell or group of
small cells can serve. Similarly, a preferable band may be
determined based on capabilities of the UEs that the small
cell or group of small cells can serve.

In other aspects, the method 400 may include one or more
of the additional operations 800, shown 1 FIG. 8. The
method 400 may further include, at 810, controlling the
current one of the two or more different states further based
on at least one wireless capability of at least one mobile
entity within radio range of the wireless device. For
example, a decision may be made to activate the small cell
capability 11 the radio access technology provided would be
appropriate, or more appropriate than alternatives, for the
mobile entity. In the alternative, or in addition, controlling
the current one of the two or more different states may be
turther based, at 820, on uplink signaling from one or more
mobile entity. In an aspect, the uplink signaling may include,
at 830, at least one of non-decoded uplink tratlic, or a request
to activate the small-cell capability of the wireless device.
The wireless device recerving the uplink signaling may
activate 1itself autonomously, or may provide an indication
that 1t has received uplink signaling to a network control
node, which may make the activation/deactivation determi-

nation and provide an activation signal to the wireless
device.

FIG. 9 1s a block diagram of a Node B 910 in commu-
nication with a UE 950 (e.g., mobile entity), where the Node
B 910 may be a multifunctional wireless device when
activated as small cell, such as node 102 1n FIG. 1 or similar
network entity. The UE 950 may communicate with the
Node B as a connected terminal, or to request activation of
a device 1n a latent state, or for other uplink signaling.

In the downlink communication, a transmit processor 970
may receirve data from a data source 912 and control signals
from a controller/processor 940. The transmit processor 970
provides various signal processing functions for the data and
control signals, as well as reference signals (e.g., pilot
signals). For example, the transmit processor 970 may
provide cyclic redundancy check (CRC) codes for error
detection, coding and interleaving to facilitate forward error
correction (FEC), mapping to signal constellations based on
various modulation schemes (e.g., binary phase-shift keying
(BPSK), quadrature phase-shift keying (QPSK), M-phase-
shift keying (M-PSK), M-quadrature amplitude modulation
(M-QAM), and the like), spreading with orthogonal variable
spreading factors (OVSF), and multiplying with scrambling
codes to produce a series of symbols. Channel estimates
from a channel processor 944 may be used by a controller/
processor 940 to determine the coding, modulation, spread-
ing, and/or scrambling schemes for the transmit processor
970. These channel estimates may be derived from a refer-
ence signal transmitted by the UE 950 or from feedback
from the UE 950. The symbols generated by the transmit
processor 970 are provided to a transmit frame processor
980 to create a frame structure. The transmit frame processor
980 creates this frame structure by multiplexing the symbols
with information from the controller/processor 940, result-
ing 1n a series of frames. The frames are then provided to a
transmitter 932, which provides various signal conditioning,
tfunctions including amplitying, filtering, and modulating the
frames onto a carrier for downlink transmission over the
wireless medium through antenna 934. The antenna 934 may
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include one or more antennas, for example, including beam
steering bidirectional adaptive antenna arrays or other simi-
lar beam technologies.

At the UE 950, a receiver 954 receives the downlink
transmission through an antenna 952 and processes the
transmission to recover the imnformation modulated onto the
carrier. The information recovered by the receiver 9354 1is
provided to a receive Irame processor 960, which parses
cach frame, and provides information from the frames to a
channel processor 994 and the data, control, and reference
signals to a receive processor 970. The receive processor
970 then performs the inverse of the processing performed
by the transmit processor 970 in the Node B 910. More
specifically, the receive processor 970 descrambles and
despreads the symbols, and then determines the most likely
signal constellation points transmitted by the Node B 910
based on the modulation scheme. These soit decisions may
be based on channel estimates computed by the channel
processor 994, The soit decisions are then decoded and
deinterleaved to recover the data, control, and reference
signals. The CRC codes are then checked to determine
whether the frames were successfully decoded. The data
carried by the successiully decoded frames will then be
provided to a data sink 972, which represents applications
running in the UE 950 and/or various user interfaces (e.g.,
display). Control signals carried by successiully decoded
frames will be provided to a controller/processor 990. When
frames are unsuccessiully decoded by the receiver processor
9770, the controller/processor 990 may also use an acknowl-
edgement (ACK) and/or negative acknowledgement
(NACK) protocol to support retransmission requests for
those frames.

In the uplink, data from a data source 978 and control
signals from the controller/processor 990 are provided to a
transmit processor 980. The data source 978 may represent
applications running i1n the UE 950 and various user inter-
faces (e.g., keyboard). Similar to the functionality described
in connection with the downlink transmission by the Node
B 910, the transmit processor 980 provides various signal
processing functions including CRC codes, coding and
interleaving to facilitate FEC, mapping to signal constella-
tions, spreading with OVSFs, and scrambling to produce a
series of symbols. Channel estimates, derived by the channel
processor 994 from a reference signal transmitted by the
Node B 910 or from feedback contained in the signal
transmitted by the Node B 910, may be used to select the
appropriate coding, modulation, spreading, and/or scram-
bling schemes. The symbols produced by the transmit pro-
cessor 980 will be provided to a transmit frame processor
982 to create a frame structure. The transmit frame processor
982 creates this frame structure by multiplexing the symbols
with information from the controller/processor 990, result-
ing 1n a series of frames. The frames are then provided to a
transmitter 956, which provides various signal conditioning
functions including amplification, filtering, and modulating
the frames onto a carrier for uplink transmission over the
wireless medium through the antenna 952.

The uplink transmission 1s processed at the Node B 910
in a manner similar to that described in connection with the
receiver Tunction at the UE 950. A receiver 935 receives the
uplink transmission through the antenna 934 and processes
the transmission to recover the information modulated onto
the carrier. The information recovered by the recerver 933 1s
provided to a receive Irame processor 936, which parses
cach frame, and provides information from the frames to the
channel processor 944 and the data, control, and reference
signals to a receive processor 938. The receive processor
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938 performs the imverse of the processing performed by the
transmit processor 980 i the UE 950. The data and control
signals carried by the successiully decoded frames may then
be provided to a data sink 939 and the controller/processor,
respectively. If some of the frames were unsuccesstully
decoded by the receive processor, the controller/processor
940 may also use an acknowledgement (ACK) and/or nega-
tive acknowledgement (INACK) protocol to support retrans-
mission requests for those frames.

The controller/processors 940 and 990 may be used to
direct the operation at the Node B 910 and the UE 950,
respectively. For example, the controller/processors 940 and
990 may provide various functions including timing, periph-
eral interfaces, voltage regulation, power management, and
other control functions. The computer readable media of
memories 942 and 992 may store data and software for the
Node B 910 and the UE 950, respectively. A scheduler/
processor 946 at the Node B 910 may be used to allocate
resources to the UEs and schedule downlink and/or uplink
transmissions for the UFEs.

Several aspects of a telecommunications system have
been presented with reference to a W-CDMA system. As
those skilled in the art will readily appreciate, various
aspects described throughout this disclosure may be
extended to other telecommunication systems, network
architectures and communication standards. By way of

example, various aspects may be extended to other UMTS
systems such as TD-SCDMA, High Speed Downlink Packet

Access (HSDPA), High Speed Uplink Packet Access
(HSUPA), High Speed Packet Access Plus (HSPA+) and
TD-CDMA. Various aspects may also be extended to sys-
tems employing Long Term Evolution (LTE) (in FDD, TDD,
or both modes), LTE-Advanced (LTE-A) (in FDD, TDD, or
both modes), CDMA’7000, Evolution-Data Optimized (EV-
DQO), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-
Fi1), IEEE 802.16 (WiMAX), IEEE 802.70, Ultra-Wideband
(UWB), Bluetooth, and/or other suitable systems. The actual
telecommunication standard, network architecture, and/or
communication standard employed will depend on the spe-
cific application and the overall design constraints imposed
on the system.

For further example, with reference to FIG. 10, there 1s
depicted an apparatus 1000 that may be configured as a
portable multi-function wireless device capable of being
configured as a small cell 1n a wireless network and/or a
network entity in communication with the wireless device,
or as a processor or similar device for use within wireless
device and/or network entity. The apparatus 1000 may
include functional blocks that can represent functions 1imple-
mented by a processor, software, hardware, or combination
thereot (e.g., firmware).

As 1llustrated, in one embodiment, the apparatus 1000
may include an electrical component or module 1002 for
determining a geographic location of a portable multi-
purpose wireless device capable of two or more different
states of small cell activity. For example, the electrical
component 1002 may include at least one control processor
coupled to a transceiver or the like and to a memory with
instructions for determining the geographic location. The
component 1002 may be, or may include, a means for
determining a geographic location of a portable multi-
purpose wireless device capable of two or more diflerent
states of small cell activity. Said means may include the
control processor executing any one or more of algorithms,
for example, establishing a communication link to the por-
table multi-purpose wireless device capable of two or more
different states of small cell activity, instructing the wireless
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device to take macro cell and/or GPS signal measurements,
receiving a report of macro cell 1dentifiers or GPS coordi-
nates from the device, and determining location information
from the coordinates or cell identifiers.

The apparatus 1000 may include an electrical component
1004 for controlling a current one of the two or more
different states of the small-cell capability of the portable
multi-purpose wireless device, based at least in part on the
geographic location. For example, the electrical component
1004 may include at least one control processor coupled to
a transcerver or the like and to a memory holding instruc-
tions for the controlling. The component 1004 may be, or
may include, a means for controlling a current one of the two
or more different states of the small-cell capability of the
portable multi-purpose wireless device, based at least 1n part
on the geographic location. Said means may include the
control processor executing an algorithm, for example,
receiving information indicating a present location of the
wireless device, retrieving stored information defimng a
home region based on a device identifier, performing a
geometric comparison ol the home region to the present
region to determine whether the device 1s presently located
in 1ts home region, and taking a conditional action (e.g.,
IF: THEN) based on whether or not the device 1s 1n 1ts home
region, including, for example, activating the portable small
cell 1f 1t 1s located 1n its home region (optionally subject to
other conditions).

In related aspects, the apparatus 1000 may optionally
include a processor component 1010 having at least one
processor, 1n the case of the apparatus 1000 configured as a
network entity. The processor 1010, 1n such case, may be in
operative commumnication with the components 1002-1004
or similar components via a bus 1012 or similar communi-
cation coupling. The processor 1010 may effect mitiation
and scheduling of the processes or functions performed by
clectrical components 1002-1004. The processor 1010 may
encompass the components 1002-1004, in whole or 1n part.
In the alternative, the processor 1010 may be separate from
the components 1002-1004, which may include one or more
separate processors.

In further related aspects, the apparatus 1000 may include
a radio transceiver component 1014. A standalone receiver
and/or standalone transmitter may be used 1n lieu of or 1n
conjunction with the transceirver 1014. In the alternative, or
in addition, the apparatus 1000 may include multiple trans-
celvers or transmitter/receiver pairs, which may be used to
transmit and receive on diflerent carriers. The apparatus
1000 may optionally include a component for storing infor-
mation, such as, for example, a memory device/component
1016. The computer readable medium or the memory com-
ponent 1016 may be operatively coupled to the other com-
ponents of the apparatus 1000 via the bus 1012 or the like.
The memory component 1016 may be adapted to store
computer readable 1nstructions and data for performing the
activity of the components 1002-1004, and subcomponents
thereof, or the processor 1010, or the methods disclosed
herein. The memory component 1016 may retain instruc-
tions for executing functions associated with the compo-
nents 1002-1004. While shown as being external to the
memory 1016, 1t 1s to be understood that the components
1002-1004 can exist within the memory 1016.

In accordance with various aspects of the disclosure, an
clement, or any portion of an element, or any combination
of elements may be implemented with a “processing sys-
tem” that includes one or more processors. Examples of
processors include microprocessors, microcontrollers, digi-
tal signal processors (DSPs), field programmable gate arrays
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(FPGAs), programmable logic devices (PLDs), state
machines, gated logic, discrete hardware circuits, such as a
custom application-specific itegrated circuit (ASIC), and
other suitable hardware configured to perform the various
tfunctionality described throughout this disclosure. One or
more processors 1n the processing system may execute
software. Software shall be construed broadly to mean
instructions, instruction sets, code, code segments, program
code, programs, subprograms, software modules, applica-
tions, soiftware applications, soitware packages, routines,
subroutines, objects, executables, threads of execution, pro-
cedures, functions, etc., whether referred to as software,
firmware, middleware, microcode, hardware description
language, or otherwise. The software may reside on a
computer-readable medium. The computer-readable
medium may be a non-transitory computer-readable
medium. A non-transitory computer-readable medium
includes, by way of example, a magnetic storage device
(e.g., hard disk, floppy disk, magnetic strip), an optical disk
(e.g., compact disk (CD), digital versatile disk (DVD)), a
smart card, a flash memory device (e.g., card, stick, key

drive), random access memory (RAM), read only memory
(ROM), programmable ROM (PROM), erasable PROM

(EPROM), electrically erasable PROM (EEPROM), a reg-
ister, a removable disk, and any other suitable medium for
storing software and/or instructions that may be accessed
and read by a computer. The computer-readable medium
may also include, by way of example, a carrier wave, a
transmission line, and any other suitable medium for trans-
mitting software and/or instructions that may be accessed
and read by a computer. The computer-readable medium
may be resident 1 the processing system, external to the
processing system, or distributed across multiple entities
including the processing system. The computer-readable
medium may be implemented 1n a computer-program prod-
uct. By way of example, a computer-program product may
include a computer-readable medium 1n packaging materi-
als. Those skilled in the art will recognize how best to
implement the described functionality presented throughout
this disclosure depending on the particular application and
the overall design constraints imposed on the overall system.
It 1s to be understood that the specific order or hierarchy
of steps 1in the methods disclosed 1s for purpose of example,
and not for limitation. Based upon design preferences, it 1s
understood that the specific order or hierarchy of steps in the
methods may be rearranged. The accompanying method
claims present elements of the various steps in a sample
order, and are not meant to be limited to the specific order
or hierarchy presented unless specifically recited therein.
The previous description 1s provided to enable any person
skilled 1n the art to practice the various aspects described
herein. Various modifications to these aspects will be readily
apparent to those skilled in the art, and the generic principles
defined herein may be applied to other aspects. Thus, the
claims are not intended to be limited to the aspects shown
herein, but 1s to be accorded the tull scope consistent with
the language of the claims, wherein reference to an element
in the singular 1s not intended to mean “one and only one”
unless specifically so stated, but rather “one or more.”
Unless specifically stated otherwise, the term “some” refers
to one or more. A phrase referring to ““at least one of” a list
of 1tems refers to any combination of those items, including
single members. As an example, “at least one of: a, b, or ¢”
1s 1ntended to cover: a; b; ¢; aand b; a and ¢; b and c¢; and
a, b and c. Moreover, nothing disclosed herein 1s intended to
be dedicated to the public regardless of whether such
disclosure 1s explicitly recited in the claims. No claim
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clement 1s to be construed under the provisions of 35 U.S.C.
§112, sixth paragraph, unless the eclement 1s expressly
recited using the phrase “means for” or, in the case of a
method claim, the element 1s recited using the phrase “step
for.”

What 1s claimed 1s:

1. A method for controlling activation or deactivation of
a small cell activity of a portable multi-purpose wireless
device 1n a wireless communications network, comprising:

determining a geographic location of a portable multi-

purpose wireless device capable of three or more
different states of small cell activity, wherein the three
or more different states include at least an active state,
an inactive state, and a latent state; and

controlling a current one of the three or more different

states of the small-cell capability of the portable multi-
purpose wireless device based at least in part on the
geographic location.

2. The method of claim 1, wherein the controlling the
current one of the three or more different states comprises
placing the small-cell capability 1n the active state wherein
the wireless device operates as a small cell.

3. The method of claim 2, wherein the controlling the
current one of the three or more different states comprises at
least one of: placing the small-cell capability 1n the mactive
state wherein the wireless device does not perform any small
cell function, or causing the wireless device to change from
the active state to the 1nactive state or from the 1nactive state
to the active state.

4. The method of claim 3, wherein the controlling the
current one of the three or more different states comprises at
least one of: placing the small-cell capability 1n the latent
state wherein the wireless device does not operate as a small
cell and listens for an activation signal, or causing the
wireless device to change from one of the active state or the
inactive state to the latent state or from the latent state to one
of the mactive state or the active state.

5. The method of claim 4, wherein the wireless device,
when 1n the latent state, performs at least one of sparsely
transmitting an overhead signal for detection by a mobile
entity or for reporting to the wireless communication net-
work, advertising 1ts presence using OOB signaling, listen-
ing to OOB signaling, or listening for an activation request.

6. The method of claam 1, wherein the controlling the
current one of the three or more different states 1s further
based on whether the wireless device 1s located 1n a defined
home region.

7. The method of claim 6, further comprising determining,
whether the wireless device 1s located in a defined home
region based on least one of a macro cell neighborhood
detected by the wireless device, or on Global Positioning
System (GPS) coordinates detected by the wireless device.

8. The method of claim 1, wherein the controlling the
current one of the three or more different states 1s further
based on at least one of demand or load factors of the
wireless communication network.

9. The method of claim 1, wherein the controlling the
current one of the three or more different states 1s further
based on one or more locations of at least one additional
portable multi-purpose wireless device capable of three or
more different states of small cell activity.

10. The method of claim 1, wherein the controlling the
current one of the three or more different states i1s further
based on at least one power source status of the wireless
device and at least one additional portable multi-purpose
wireless device capable of three or more different states of
small cell activity.
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11. The method of claim 1, wherein the controlling the
current one of the three or more ditterent states 1s fturther

based on at least one of an available radio access technology,
backhaul availability, or backhaul quality of the wireless

20

one of a macro cell neighborhood detected by the wireless
device, or on Global Positioning System (GPS) coordinates
detected by the wireless device.

22. The apparatus of claim 15, wherein the at least one

device and at least one additional portable multi-purpose 5 processor is configured to control the current one of the three

wireless device capable of three or more diflerent states of
small cell activity.

12. The method of claim 1, wherein the controlling the
current one of the three or more different states 1s further

based on at least one wireless capability of at least one 10

mobile entity within radio range of the wireless device.

13. The method of claim 1, wherein the controlling the
current one of the three or more different states 1s further
based on uplink signaling from one or more mobile entities.

14. The method of claim 13, wherein the uplink signaling
comprises at least one of non-decoded uplink traflic, or a
request to activate the small-cell capability of the wireless
device.

15. An apparatus for controlling activation or deactivation
of a small cell activity of a portable multi-purpose wireless
device 1n a wireless communications network, comprising a
memory coupled to at least one processor, wherein the at
least one processor 1s configured to:

determine a geographic location of a portable multi-

purpose wireless device capable of three or more
different states of small cell activity, wherein the three
or more different states include at least an active state,
an inactive state, and a latent state; and

control a current one of the three or more different states

of the small-cell capability of the portable multi-pur-
pose wireless device based at least i part on the
geographic location.

16. The apparatus of claim 15, wherein the at least one
processor 1s configured to control the current one of the three
or more different states at least in part by placing the
small-cell capability in the active state wherein the wireless
device operates as a small cell.

17. The apparatus of claim 16, wherein the at least one
processor 1s configured to control the current one of the three
or more different states at least i part by one of more of:
placing the small-cell capability 1n the 1nactive state wherein
the wireless device does not perform any small cell function,
or causing the wireless device to change from one of the
active state or the 1nactive state to the latent state or from the
latent state to one of the inactive state or the active state.

18. The apparatus of claim 17, wherein the at least one
processor 1s configured to control the current one of the three
or more diflerent states at least i part by one or more of:
placing the small-cell capability 1n the latent state wherein
the wireless device does not operate as a small cell and
listens for an activation signal, or causing the wireless
device to change from one of the active state or the mactive
state to the latent state or from the latent state to one of the
inactive state or the active state.

19. The apparatus of claam 18, wherein the at least one
processor 1s configured to the wireless device, when 1n the
latent state, performing at least one of sparsely transmitting
an overhead signal for detection by a mobile entity or for
reporting to the wireless communication network, advertis-
ing 1ts presence using OOB signaling, listeming to OOB
signaling, or listening for an activation request.

20. The apparatus of claim 15, control the current one of
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the three or more diflerent states further based on whether
the wireless device 1s located in a defined home region.
21. The apparatus of claim 20, wherein the at least one
processor 1s configured to determine whether the wireless
device 1s located 1n the defined home region based on least
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or more different states at least in part on at least one of
demand or load factors of the wireless communication
network.

23. The apparatus of claim 15, wherein the at least one
processor 1s configured to the control the current one of the

* e

three or more diflerent states at least in part on one or more
locations of at least one additional portable multi-purpose
wireless device.

24. The apparatus of claim 15, wherein the at least one
processor 1s configured to the control the current one of the
three or more diflerent states at least 1in part on at least one
power source status of the wireless device and at least one
additional portable multi-purpose wireless device.

25. The apparatus of claim 15, wherein the at least one
processor 1s configured to the control the current one of the
three or more different states based on at least one of an
available radio access technology, backhaul availability, or
backhaul quality of the wireless device and at least one
additional portable multi-purpose wireless device.

26. The apparatus of claim 15, wherein the at least one
processor 1s configured to control the current one of the three
or more different states i1s further based on at least one
wireless capability of at least one mobile entity within radio
range of the wireless device.

277. The apparatus of claim 15, wherein the at least one
processor 1s configured to the control the current one of the
three or more different states based on uplink signaling from
one or more mobile entity.

28. The apparatus of claim 27, wherein the at least one
processor 1s configured to process the uplink signaling
including at least one of non-decoded uplink tratlic, or a
request to activate the small-cell capability of the wireless
device.

29. A non-transitory computer-readable medium storing,
computer executable code for controlling activation or deac-
tivation of a small cell activity of a portable multi-purpose
wireless device 1n a wireless communications network,
comprising:

code for determining a geographic location of a portable

multi-purpose wireless device capable of three or more
different states of small cell activity, wherein the three
or more diflerent states include at least an active state,
an 1nactive state, and a latent state; and

code for controllmg a current one of the three or more

different states of the small-cell capability of the por-
table multi-purpose wireless device based at least in
part on the geographic location.

30. An apparatus for controlling activation or deactivation
of a small cell activity of a portable multi-purpose wireless
device 1n a wireless communications network, the apparatus
comprising:

means for determining a geographic location of a portable

multi-purpose wireless device capable of three or more
different states of small cell activity, wherein the three
or more different states include at least an active state,
an 1nactive state, and a latent state; and

means for controlling a current one of the three or more

different states of the small-cell capability of the por-
table multi-purpose wireless device based at least in
part on the geographic location.
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